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A v a r i e t y o f t r a n s i t i o n m e t a l c o m p l e x e s i n c l u d i n g 
o r g a n o m e t a l l i c s was s u b j e c t e d t o an ac e l e c t r o l y s i s i n 
a s i m p l e u n d i v i d e d e l e c t r o c h e m i c a l c e l l , c o n t a i n i n g 
o n l y two c u r r e n t - c a r r y i n g p l a t i n u m e l e c t r o d e s . The 
compounds (A) a r e r e d u c e d and o x i d i z e d a t t h e same 
e l e c t r o d e . I f t h e e x c i t a t i o n e n e r g y o f t h e s e compounds 
i s s m a l l e r t h a n t h e p o t e n t i a l d i f f e r e n c e o f t h e r e d u c e d 
(A ) and o x i d i z e d (A ) f o r m s , b a c k e l e c t r o n 
t r a n s f e r may r e g e n e r a t e t h e c o m p l e x e s i n an e l e c t r o n i -
c a l l y e x c i t e d s t a t e (A + A -* A* + A ) . Under 
f a v o r a b l e c o n d i t i o n s an e l e c t r o c h e m i l u m i n e s c e n c e ( e e l ) 
i s t h e n o b s e r v e d (A* ~* A + hv) . A weak e e l a p p e a r e d 
upon e l e c t r o l y s i s o£ tijie f o l l o w i n g c o m p l e x e s : I r ( I I I ) -
( 2 - p h e n y l p y r i d i n e - C ,N ) ; [ c u ( I ) ( p y r i d i n e ) I ] , 
P t ( I I ) ( 8 - q u i n o l i n o l a t e ) , T b ( I I I ) ( T T F A ) (o-phen) 
w i t h TTFA = t h e n o y l t r i f l u o r o a c e t o n a t e and o-phen = 1.10-
p h e n a n t h r o l i n e , T b ( I I I ) ( T T F A ) ~, and E u ( I I I ) ( T F F A ) ^ -
( o - p h e n ) . An e e l o f R e ( o - p h e n M C O ) 3 C 1 o c c u r e d d u r i n g t h e 
e l e c t r o l y s i s o f t e t r a l i n h y d r o p e r o x i d e i n t h e p r e s e n c e o f 
t h e r h e n i u m compound. The mechanism o f t h e s e e l e c t r o -
c h e m i c a l r e a c t i o n s i s d i s c u s s e d . 
An e l e c t r o l y s i s c a n be c o n s i d e r e d t o be a h i g h - e n e r g y p r o c e s s i f 
r e d u c t i o n and o x i d a t i o n t a k e p l a c e a t l a r g e p o t e n t i a l d i f f e r e n c e s . 
The p r i m a r y r e d o x p r o d u c t s t h u s f o r m e d c a n p a r t i c i p a t e i n a v a r i e t y 
o f c o m p e t i n g p r o c e s s e s (1_). They may be k i n e t i c a l l y l a b i l e and 
unde r g o f r a g m e n t a t i o n o r s u b s t i t u t i o n r e a c t i o n s . As an a l t e r n a t i v e 
a r a p i d b ack e l e c t r o n t r a n s f e r s h o u l d t a k e p l a c e due t o t h e l a r g e 
d r i v i n g f o r c e . T h i s l e a d s t o t h e r e g e n e r a t i o n o f t h e s t a r t i n g com-
pounds e i t h e r i n t h e g r o u n d s t a t e o r i n an e l e c t r o n i c a l l y e x c i t e d 
s t a t e i f t h e p o t e n t i a l d i f f e r e n c e e x c e e d s t h e e x c i t a t i o n e n e r g y . 
A t v e r y l a r g e d r i v i n g f o r c e s e x c i t e d s t a t e g e n e r a t i o n i s e x p e c t e d 
t o be f a v o r e d o v e r g r o u n d s t a t e f o r m a t i o n i n many c a s e s a c c o r d i n g 
t o t h e Marcus t h e o r y (2^). V a r i o u s e x p e r i m e n t a l methods a r e a v a i l -
a b l e t o g a i n more i n s i g h t i n t o s u c h h i g h - e n e r g y e l e c t r o n t r a n s f e r 
r e a c t i o n s . The d e t e c t i o n o f e x c i t e d p r o d u c t s i s p o s s i b l e i f t h e y 
a r e l u m i n e s c e n t . C h e m i l u m i n e s c e n c e r e s u l t i n g f r o m e l e c t r o n t r a n s -
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f e r r e a c t i o n s o f t r a n s i t i o n m e t a l c o m p l e x e s has been o b s e r v e d i n a 
few c a s e s ( 3 - 1 4 ) . However, t h e e l e c t r o c h e m i c a l g e n e r a t i o n o f an 
a p p r o p r i a t e r e d o x p a i r i n s i t u o f f e r s v a r i o u s a d v a n t a g e s . Under 
s u i t a b l e c o n d i t i o n s an e l e c t r o l y s i s w i l l t h e n be a c c o m p a n i e d by 
l i g h t e m i s s i o n ( e l e c t r o c h e m i l u m i n e s c e n c e o r e l e c t r o g e n e r a t e d chemi-
l u m i n e s c e n c e , e e l ) (1_5). By a p p l i c a t i o n o f an a l t e r n a t i n g c u r r e n t 
a r e d o x p a i r i s g e n e r a t e d a t t h e same e l e c t r o d e . 
A - e" "* A + a n o d i c c y c l e 
A + e~ " " A c a t h o d i c c y c l e 
A + A ~* A* + A a n n i h i l a t i o n 
A* "* A + hv e m i s s i o n 
Back e l e c t r o n t r a n s f e r t a k e s p l a c e f r o m t h e e l e c t r o g e n e r a t e d r e d u c -
t a n t t o t h e o x i d a n t n e a r t h e e l e c t r o d e s u r f a c e . A t a s u f f i c i e n t 
p o t e n t i a l d i f f e r e n c e t h i s a n n i h i l a t i o n l e a d s t o t h e f o r m a t i o n o f 
e x c i t e d (*) p r o d u c t s w h i c h may e m i t l i g h t ( e e l ) o r r e a c t " p h o t o -
c h e m i c a l l y " w i t h o u t l i g h t ( 1 , 1 6 ) . Redox p a i r s o f l i m i t e d s t a b i l i t y 
c a n be i n v e s t i g a t e d by ac e l e c t r o l y s i s . The f r e q u e n c y o f t h e ac 
c u r r e n t must be a d j u s t e d t o t h e l i f e t i m e o f t h e more l a b i l e r e d o x 
p a r t n e r . Many o r g a n i c compounds have been shown t o u n d e r g o e e l 
( 1 7 - 1 9 ) . Much l e s s i s known a b o u t t r a n s i t i o n m e t a l c o m p l e x e s 
d e s p i t e t h e f a c t t h a t t h e y p a r t i c i p a t e i n many r e d o x r e a c t i o n s . 
Most o b s e r v a t i o n s o f e e l i n v o l v e R u ( b i p y ) ^ ( b i p y = 2 , 2 ' - b i p y -
r i d y l ) and r e l a t e d c o m p l e x e s w h i c h p o s s e s s e m i s s i v e c h a r g e t r a n s f e r 
(CT) m e t a l t o l i g a n d (ML) e x c i t e d s t a t e s ( 1 1 , 2 0 - 3 3 ) . The organome-
t a l l i c compound R e ( o - p h e n ) ( C O ) ^ C l (o-phen = 1 , 1 O - p h e n a n t h r o l i n e ) 
i s a f u r t h e r example o f t h i s c a t e g o r y (_34). P a l l a d i u m and p l a t i n u m 
p o r p h y r i n s w i t h e m i t t i n g i n t r a l i g a n d ( I L ) e x c i t e d s t a t e s a r e a l s o 
e e l a c t i v e ^ (315^ • Under s u i t a b l e c o n d i t i o n s e e l was o b s e r v e d f o r 
C r ( b i p y ) . I n t h i s c a s e t h e e m i s s i o n o r i g i n a t e s f r o m a 
l i g a n d f i e l d ( L F ) e x c i t e d s t a t e ( 2 ^ ) . F i n a l l y ^ i t has been shown 
t h a t t h e e l e c t r o l y s e s o f P t 2 < p o p ) 4 (36.) (pop " = d i p h o s -
p h o n a t e ) o r M o ^ C l ^ (31) i s a l s o a c c o m p a n i e d by l i g h t e m i s -
s i o n . The r e d o x p r o c e s s e s as w e l l as t h e s u b s e q u e n t e x c i t e d s t a t e 
f o r m a t i o n i n v o l v e t h e m e t a l - m e t a l b o n d i n g o f t h e s e p o l y n u c l e a r com-
p l e x e s . 
The p r e s e n t i n v e s t i g a t i o n was c a r r i e d o u t i n o r d e r t o e x t e n d 
e e l t o o t h e r t y p e s o f t r a n s i t i o n m e t a l compounds i n c l u d i n g o r g a n o -
m e t a l l i c s . I n a d d i t i o n t o t h e s e a r c h f o r new s y s t e m s t h e m o d i f i c a t -
i o n o f a w e l l - k n o w n e e l was u s e d t o l e a r n more a b o u t t h e r e a c t i o n 
mechanism. 
The c h o i c e o f new c o m p l e x e s was g u i d e d by some s i m p l e c o n s i d e -
r a t i o n s . The o v e r a l l e e l e f f i c i e n c y o f any compound i s t h e p r o d u c t 
o f t h e p h o t o l u m i n e s c e n c e quantum y i e l d and t h e e f f i c i e n c y o f e x c i -
t e d s t a t e f o r m a t i o n . T h i s l a t t e r p a r a m e t e r i s d i f f i c u l t t o e v a l u -
a t e . I t may be v e r y s m a l l d e p e n d i n g on many f a c t o r s . An i r r e v e r -
s i b l e d e c o m p o s i t i o n o f t h e p r i m a r y r e d o x p a i r c a n compete w i t h back 
e l e c t r o n t r a n s f e r . T h i s b a c k e l e c t r o n t r a n s f e r c o u l d f a v o r t h e 
f o r m a t i o n o f g r o u n d s t a t e p r o d u c t s even i f e x c i t e d s t a t e f o r m a t i o n 
i s e n e r g y s u f f i c i e n t ( 1 3 , 1 4 , 3 8 , 3 9 ) . T a k i n g i n t o a c c o u n t t h e s e 
p o s s i b i l i t i e s we s e l e c t e d c o m p l e x e s w h i c h show an i n t e n s e p h o t o -
l u m i n e s c e n c e ($ > 0.01) i n o r d e r t o i n c r e a s e t h e p r o b a b i l i t y f o r 
d e t e c t i o n o f e e l . I n a d d i t i o n , t h e c h o i c e o f s u i t a b l e c o m p l e x e s 
was a l s o b a s e d on t h e e x p e c t a t i o n t h a t r e d u c t i o n and o x i d a t i o n 
w o u l d o c c u r i n an a p p r o p r i a t e p o t e n t i a l r a n g e . 
E x p e r i m e n t a l S e c t i o n 
M a t e r i a l s , . ,-The compounds Re(o-phen)(CO)«C1 (40_), I r ( 2 - p h e n y l p y -
r i d i n e - C ,N ) (41_) , Ecu ( p y r i d i n e ) I1 . ( 4 2 , 4 3 ) , P t ( 8 - q u i n o -
l i n o l a t e ) ( 4 4 ) , Tb(TTFA) (o-phen) (45,46) w i t h TTFA = t h e n o y l -
t r i f l u o r o a c e t o n a t e , [ N H ( C 2 H 5 ) 3 ] [ T b ( T T F A ) 4 ] ( 4 5 ) , Eu(TTFA) 
(o-phen) ( 4 5 ) , and t e t r a l m h y d r o p e r o x i d e (47) were p r e p a r e d a c c o r -
d i n g t o p u b l i s h e d p r o c e d u r e s . F o r t h e e l e c t r o c h e m i c a l e x p e r i m e n t s 
a c e t o n i t r i l e and CH C l ^ were t r i p l e vacuum l i n e d i s t i l l e d f r o m 
P^O^ Q and d e g a s s e d By s e v e r a l f r e e z e - t h a w c y c l e s . The s u p p o r -
t i n g e l e c t r o l y t e Bu^NBF^ was c r y s t a l l i z e d f r o m d r y a c e t o n e 
s e v e r a l t i m e s and d r i e d i n v a c u o . 
Equipment and Methods. The ac e l e c t r o l y s e s were c a r r i e d o u t u n d e r 
a r g o n i n 1-cm q u a r t z s p e c t r o p h o t o m e t e r c e l l s w h i c h were e q u i p p e d 
w i t h two p l a t i n u m f o i l e l e c t r o d e s d i r e c t l y c o n n e c t e d t o a Kröncke 
Model 1246 s i n e wave g e n e r a t o r as an ac v o l t a g e s o u r c e . E e l was 
d e t e c t e d and s p e c t r a l l y a n a l y z e d by s e v e r a l p r o c e d u r e s . The f i r s t 
d e t e c t i o n was a c h i e v e d by c o n n e c t i n g t h e s p e c t r o p h o t o m e t e r c e l l 
d i r e c t l y w i t h a p h o t o m u l t i p l i e r (Hamamatsu 1 P 2 1 ) . T h i s a r r a n g e -
ment was a l s o u s e d t o o b t a i n maximum e e l i n t e n s i t y by v a r i a t i o n o f 
t h e t e r m i n a l ac v o l t a g e and t h e ac f r e q u e n c y . A c r u d e s p e c t r a l 
a n a l y s i s o f t h e e e l was a c c o m p l i s h e d by p l a c i n g a p p r o p r i a t e b r o a d -
band i n t e r f e r e n c e f i l t e r s and c u t - o f f f i l t e r s between t h e c e l l and 
t h e p h o t o m u l t i p l i e r . The i n t e r f e r e n c e f i l t e r s ( B a l z e r ) K3, K4, K5, 
and K7 t r a n s m i t t e d maximum i n t e n s i t y a t A. = 510, 565, 610, and 700 
nm. The S c h o t t c u t - o f f f i l t e r KV 550 t r a n s m i t t e d l i g h t o f X > 530 
nm. E e l s p e c t r a were r e c o r d e d on a H i t a c h i 850 F l u o r e s c e n c e 
S p e c t r o p h o t o m e t e r . 
R e s u l t s 
As r e p o r t e d p r e v i o u s l y ac e l e c t r o l y s e s were c a r r i e d o u t i n a s i m p l e 
u n d i v i d e d e l e c t r o c h e m i c a l c e l l c o n t a i n i n g o n l y t h e two c u r r e n t -
c a r r y i n g e l e c t r o d e s (1_6). Most compounds i n v e s t i g a t e d i n t h e p r e -
s e n t s t u d y showed o n l y v e r y weak e e l i n t e n s i t i e s . F i r s t e x p e r i -
ments were c a r r i e d o u t by p l a c i n g t h e e e l c e l l d i r e c t l y i n f r o n t o f 
a p h o t o m u l t i p l i e r . By t h i s s i m p l e p r o c e d u r e t h e l o w e s t l i g h t i n -
t e n s i t i e s c o u l d be d e t e c t e d . Under c o m p a r a b l e e x p e r i m e n t a l c o n d i -
t i o n s i n t e g r a t e d e j l i n t e n s i t i e s were d e t e c t e d w j j i c h were r o u g h l y 
by a f a c t o r o f 10 l o w e r t h a n t h a t o f R u ( b i p y ) ^ • These 
measurements were u s e d t o a d j u s t t h e e x p e r i m e n t a l p a r a m e t e r s s u c h 
as ac v o l t a g e and f r e q u e n c y t o maximum e e l i n t e n s i t y . A q u a l i t a -
t i v e a n a l y s i s o f t h e s p e c t r a l d i s t r i b u t i o n o f e e l was a c h i e v e d by 
i n s e r t i n g b r o a d - b a n d i n t e r f e r e n c e f i l t e r s and c u t - o f f g l a s s f i l t e r s 
between t h e c e l l and t h e p h o t o m u l t i p l i e r . F i n a l l y , c o m p l e t e e e l 
s p e c t r a were r e c o r d e d on a l u m i n e s c e n c e s p e c t r o m e t e r . Measurements 
by c y c l i c v o l t a m m e t r y were c a r r i e d o u t by A. H a i m e r l ( 4 8 ) . F o r t h e 
i n d i v i d u a l compounds t h e f o l l o w i n g e x p e r i m e n t a l d e t a i l s o f t h e e e l 
e x p e r i m e n t s a r e g i v e n : s o l v e n t , c o n c e n t r a t i o n o f t h e s u p p o r t i n g 
e l e c t r o l y t e , c o n c e n t r a t i o n o f t h e compound s u b j e c t e d t o e l e c t r o l y -
s i s , t e r m i n a l ac v o l t a g e , ac f r e q u e n c y , c u r r e n t , i n t e g r a t e d e e l 
i n t e n s i t y i n a r b i t r a r y u n i t s n o t c o r r e c t e d f o r p h o t o m u l t i p l i e r 
r e s p o n s e , and w a v e l e n g t h o f maximum l i g h t i n t e n s i t y , t r a n s m i t t e d by 
a p p r o p r i a t e f i l t e r s . 
Re (o-phen) ( C O ) , C I . O^CN, 0.1 M Bu^NBF^, 3x10 M com-
p l e x , 2 Y> 3 0 "z> m A > 4 0 u n i t s , * m a x = 6 1 0 nm. Upon a d d i t i o n 
o f 3 x 1 0 " M t e t r a l i n h y d r o p e r o x i d e t h e e e l i n t e n s i t y i n c r e a s e d t o 
120 u n i t s . 
2 1 
I r ( p p y ) , w i t h ppy = 2 - p h e n y l p y r i d i n e - C ,N . CH CN, 0.05 M 
Bu^NBF, 10 M c o m p l e x , 4 V, 10 Hz, 9 mA, 4 u n i t s , x m a x = 5 1 0 
nm. 
[ C u ( p y ) l ] . w i t h py = p y r i d i n e . CH 2C1 , 0.05 M B u ^ B F ^ 2 x 1 0 ' 4 M 
c o m p l e x , 5 V, 1 Hz, 10 mA, 20 u n i t s , A = 700 nm. 
max 
Pt(QO) w i t h QU = 8 - q u i n o l i n o l a t e . CH 3CN, 0.005 M Bu^NBF , 3 x 1 0 " 4 
M c o m p l e x , 4 V, 30 Hz, 8 mA, 10 u n i t s , \ > 530 nm; a t b V, 30 
Hz, and 21 mA t h e e e l i n t e n s i t y increase8 a£o 200 u n i t s . 
T b ( T T F A ) ? ( o - p h e n ) w i t h TTFA - t h e n o y l t r i f l u o r o a c e t o n a t e . 
CH 3CN, 0.05 m Bu^NBF^, 2.9x10 M c o m p l e x , 4 V, 300 Hz, 20 
mA, 50 u n i t s , X = 565 nm. D u r i n g e l e c t r o l y s i s a s o l i d ' max « i _ j s e p a r a t e s and c o v e r s t h e e l e c t r o d e s . 
[NH(C H ) 3 ] T b ( T T F A ) 4 . CH CN, 0.05 M Bu^NBF^, 3 x 1 0 " 4 
M c o m p l e x , 4 V, 300 Hz, 20 mA, 2 u n i t s , X = 565 nm. 
max 
E u ( T T F A ) 3 ( o - p h e n ) . CH CN, 0.005 M Bu^NBF^, 2 . 7 x 1 0 " 4 M 
c o m p l e x , 4 V, 30 Hz, 8.7 mA, 60 u n i t s , X = 610 nm. E l e c t r o d e s 
a r e c o v e r e d by a s o l i d d u r i n g t h e e l e c t r o l y s i s . 
D i s c u s s i o n 
The ac e l e c t r o l y s e s o f t h i s work were c a r r i e d o u t i n an u n d i v i d e d 
e l e c t r o c h e m i c a l c e l l c o n t a i n i n g o n l y t h e two c u r r e n t - c a r r y i n g e l e c -
t r o d e s . T h i s s i m p l e a p p a r a t u s has c e r t a i n l y i t s l i m i t a t i o n s b u t 
was a p p r o p r i a t e f o r t h e d e t e c t i o n o f new e c l - a c t i v e compounds. The 
e e l i n t e n s i t y o f most s y s t e m s s t u d i e d h e r e was o n l y v e r y s m a l l . 
G e n e r a l l y , t h e r e may be s e v e r a l e x p l a n a t i o n s f o r t h i s o b s e r v a t i o n . 
I n some c a s e s t h e r e d u c e d and o x i d i z e d s p e c i e s f o r m e d a t t h e e l e c -
t r o d e s a r e n o t v e r y s t a b l e as r e v e a l e d by c y c l i c v o l t a m m e t r y . O n l y 
a s m a l l f r a c t i o n o f t h e s e r e a c t i v e m o l e c u l e s may u n d e r g o t h e 
d e s i r e d a n n i h i l a t i o n r e a c t i o n c o m p e t i n g w i t h an i r r e v e r s i b l e d e c a y . 
M o r e o v e r , t h e back e l e c t r o n t r a n s f e r c o u l d f a v o r t h e f o r m a t i o n o f 
g r o u n d s t a t e p r o d u c t s even i f e x c i t e d s t a t e g e n e r a t i o n i s e n e r g y 
s u f f i c i e n t ( 1 3 , 1 4 , 3 8 , 3 9 ) . F i n a l l y , f o r some c o m p l e x e s i t i s d i f f i -
c u l t t o o b t a i n t h e m a t e r i a l s f r e e o f i m p u r i t i e s . I n o t h e r c a s e s 
t h e c o m p l e x e s a r e t h e r m a l l y n o t c o m p l e t e l y s t a b l e and d i s s o l u t i o n 
i s a c c o m p a n i e d by a s m a l l d e g r e e o f d e c o m p o s i t i o n . These i m p u r i -
t i e s may e i t h e r i n t e r f e r e w i t h t h e d e s i r e d e l e c t r o d e p r o c e s s o r a c t 
as q u e n c h e r s f o r t h e e x c i t e d m o l e c u l e s u n d e r g o i n g e e l . 
The main g o a l o f t h e p r e s e n t s t u d y was t o d i s c o v e r new e c l - a c -
t i v e c o m p l e x e s . B u t t h e f i r s t example may d e m o n s t r a t e t h a t c o m p l e -
xes known t o show e e l c a n s e r v e t o g a i n more i n s i g h t i n t o t h e 
mechanism o f e l e c t r o n t r a n s f e r p r o c e s s e s . 
R e ( o - p h e n ) ( C O ) ^ C l and T e t r a l i n e H y d r o p e r o x i d e 
I n 1978 W r i g h t o n and h i s g r o u p showed t h a t t h e complex R e ( o - p h e n ) -
( C O ) . C l u n d e r g o e s e e l f r o m i t s l o w e s t e x c i t e d s t a t e w h i c h l i e s 
a b o u t +2.3 eV above t h e g r o u n d s t a t e ( 3 4 ) . The a n n i h i l a t i o n i s 
e n e r g y s u f f i c i e n t . The o x i d a t i o n o f t h e n e u t r a l complex o c c u r s a t 
E 1 / 2 = 1 , 3 V V S " S C E w n i l e t h e r e d u c t i o n t a k e s p l a c e a t -1.3 V. 
I n 1981 we f o u n d t h a t R e ( o - p h e n ) ( C O ) 3 C 1 shows an i n t e n s e 
c h e m i l u m i n e s c e n c e d u r i n g t h e c a t a l y t i c d e c o m p o s i t i o n o f t e t r a l i n 
h y d r o p e r o x i d e (THPO) i n b o i l i n g t e t r a l i n e ( 1 2 ) . 
THPO 
I t was s u g g e s t e d t h a t t h e mechanism o f t h i s r e a c t i o n c a n be e x p l a i -
ned on t h e b a s i s o f a " c h e m i c a l l y i n i t i a t e d e l e c t r o n e xchange l u m i -
n e s c e n c e ( C I E E L ) " (49,50) a c c o r d i n g t o t h e f o l l o w i n g scheme: 
Re(o-phen)(CO) C I + THPO - Re(o-phen)(CO) C l + + THPO -
THPO" - a - t e t r a l o n e ~ + H 2 0 
Re (o-phen) (CO) C I + o t - t e t r a l o n e - Re (o-phen) ( C O ) 3 C 1 * + o t - t e t r a l o n e 
Re(o-phen) ( C 0 ) 3 C 1 * ~* Re (o-phen) (CO) 3 C 1 + hv 
The f i r s t s t e p i s an a c t i v a t e d e l e c t r o n t r a n s f e r w h i c h t a k e s p l a c e 
o n l y a t h i g h e r t e m p e r a t u r e s (T > 400 K ) . I n t h e s e c o n d s t e p t h e 
r e d u c e d h y d r o p e r o x i d e i s c o n v e r t e d t o t h e t e t r a l o n e a n i o n by 
e l i m i n a t i o n o f w a t e r . T h i s k e t y l r a d i c a l a n i o n i s s t r o n g l y 
r e d u c i n g (E^ = -1.12 V) v s . SCE) (51_). E l e c t r o n t r a n s f e r t o 
t h e c omplex c a t i o n p r o v i d e s enough e n e r g y (~ 2.4 eV) t o g e n e r a t e 
R e ( o - p h e n ) ( C O ) 3 C 1 i n t h e e m i t t i n g e x c i t e d s t a t e . The o v e r a l l 
p r o c e s s c a n be d e s c r i b e d as a c a t a l y z e d d e c o m p o s i t i o n o f t e t r a l i n 
h y d r o p e r o x i d e . The r h e n i u m complex s e r v e s as an e l e c t r o n t r a n s f e r 
c a t a l y s t w h i c h f i n a l l y t a k e s up t h e d e c o m p o s i t i o n e n e r g y o f t h e 
p e r o x i d e . 
A p p a r e n t l y t h e same r e a c t i o n s equence t a k e s p l a c e when THPO 
and R e ( o - p h e n ) ( C O ) 3 C 1 a r e e l e c t r o l y z e d i n a c e t o n i t r i l e a t room 
t e m p e r a t u r e . The e l e c t r o l y s i s r e p l a c e s o n l y t h e f i r s t a c t i v a t e d 
e l e c t r o n t r a n s f e r s t e p o f t h e CIEEL mechanism. 
A t an ac f r e q u e n c y o f 30 Hz and a v o l t a g e l a r g e r t h a n 2.6 V 
t h e e e l o f Re (o-phen) ( C O K C l was v e r y i n t e n s e . I f t h e v o l t a g e 
d r o p p e d b e l o w 2.6 V t h e e f f i c i e n c y o f t h e e l e c t r o l y s i s d e c r e a s e d . 
A t 2 V t h e e e l was v e r y weak. Upon a d d i t i o n o f e q u i m o l a r amounts 
o f THPO t h e e e l i n t e n s i t y i n c r e a s e d by a f a c t o r o f ~ 3. The 
h y d r o p e r o x i d e w h i c h i s known t o u n d e r g o an i r r e v e r s i b l e r e d u c t i o n 
a t = -0.73 V v s . SCE (52^ i s a p p a r e n t l y r e d u c e d d u r i n g t h e 
c a t h o d i c c y c l e w h i l e t h e complex i s o x i d i z e d d u r i n g t h e a n o d i c 
c y c l e . The s u b s e q u e n t r e a c t i o n s a r e assumed t o be t h e same as 
t h o s e o f t h e CI E E L mechanism. The o v e r a l l r e a c t i o n i s an e l e c t r o -
c a t a l y z e d d e c o m p o s i t i o n o f THPO. The complex a c t s as an e l e c t r o -
c a t a l y s t . 
I r ( 2 - p h e n y l p y r i d i n a - C ,N ) ^ 
W i t h r e g a r d t o t r a n s i t i o n m e t a l c o m p l e x e s t h e ^ m a j o r i t y o f e e l 
s t u d i e s have been c a r r i e d o u t w i t h R u C b i p y ) ^ and i t s d e r i v a -
t i v e s ( 1 1 , 2 0 - 3 3 ) . R e c e n t l y , K i n g , S p e l l a n e , and W a t t s r e p o r t e d on 
t i p e m i s s i o n p r o p e r t i e s o f I r ( p p y ) 3 w i t h ppy = 2 - p h e n y l p y r i d i n e -
C ,N (41_) w h i c h c a n be c o n s i d e r e d t o be an o r g a n o m e t a l l i c 
c o u n t e r p a r t o f R u ( b i p y ) . 
I r ( p p y ) 3 
3 
The l o w e s t e x c i t e d s t a t e (~ 2.5 eV) o f t h e i r i d i u m c omplex 
w h i c h i s a l s o o f t h e MLCT t y p e u n d e r g o e s an e f f i c i e n t e m i s s i o n . 
The quantum y i e l d was a b o u t 0.4 i n d e o x y g e n a t e d t o l u e n e a t room 
t e m p e r a t u r e . The complex c a n be o x i d i z e d a t E^ = +0.7 V v s . 
SCE. The r e d u c t i o n was n o t r e p o r t e d b u t c a n be e s t i m a t e d t o o c c u r 
a t E . = -1.9 V. T h i s p o t e n t i a l was o b t a i n e d f o r t h e r e d u c t i o n 
o f p t ( p p y ) 2 ( 5 3 ^ . I n t h i s c a s e t h e r e d u c t i o n was a l s o assumed t o 
t a k e p l a c e a t t h e o r t h o - m e t a l a t e d ppy l i g a n d . 
The p o t e n t i a l d i f f e r e n c e f o r r e d u c t i o n and o x i d a t i o n ( A E ~ 2.6 
V) p r o v i d e s s u f f i c i e n t e n e r g y t o g e n e r a t e an e x c i t e d I r complex i n 
t h e a n n i h i l a t i o n r e a c t i o n . A t an ac v o l t a g e o f 4 V and 10 Hz we 
o b s e r v e d a weak e e l o f I r ( p p y ) - i n a c e t o n i t r i l e . The f o l l o w i n g 
r e a c t i o n s e q uence may e x p l a i n t h i s o b s e r v a t i o n : 
I r ( p p y ) 3 - e_ •* I r ( p p y ) ^ a n o d i c 
I r ( p p y ) 3 + e ~* I r ( p p y ) 3 c a t h o d i c 
I r ( p p y ) 3 + I r ( p p y ) 3 - I r ( p p y ) * + I r ( p p y ) 3 a n n i h i l a t i o n 
I r ( p p y ) 3 * - I r ( p p y ) 3 + nv e m i s s i o n 
Compared t o t h e e f f i c i e n t e e l o f R u ( b i p y ) 3 2 + t h e low e e l i n t e n -
s i t y o f t h e I r complex i s r a t h e r s u r p r i s i n g . 
[ C u ( p y r i d i n e ) I ] ^ 
B i n u c l e a r and p o l y n u c l e a r compounds w i t h d i r e c t m e t a l - m e t a l i n t e r -
a c t i o n c o n s t i t u t e a l a r g e c l a s s o f t r a n s i t i o n m e t a l c o m p l e x e s w h i c h 
p l a y an i m p o r t a n t r o l e a l s o i n o r g a n o m e t a l l i c c h e m i s t r y . G e n e r a l l y , 
t h e f r o n t i e r o r b i t a l s o f t h e s e compounds a r e engaged i n m e t a l - m e t a l 
b o n d i n g . C o n s e q u e n t l y , r e d o x p r o c e s s e s a f f e c t t h e m e t a l - m e t a l 
i n t e r a c t i o n . The same i s t r u e f o r t h e l u m i n e s c e n c e o f s u c h c o m p l e -
xe s s i n c e i t i n v o l v e s a l s o t h g f r o n t i e r o r b i t a l s . The b i n u c l e a r 
complex P t 2 < p o p ) ^(^36) (pop ~ = d i p h o s p h o n a t e ) and 
t h e c l u s t e r M o ^ C I ^ (_37) a r e r a r e e x a m p l e s o f compounds 
w h i c h c o n t a i n m e t a l - m e t a l bonds and show p h o t o l u m i n e s c e n c e a t 
a m b i e n t c o n d i t i o n s . B o t h c o m p l e x e s a r e a l s o e e l a c t i v e . I n t h e 
p r e s e n t s t u d y t h e t e t r a m e r i c c omplex [ C u ( p y ) l 3 4 w i t h py = 
p y r i d i n e as a n o t h e r compound o f t h i s t y p e was i n v e s t i g a t e d . 
The c o l o r l e s s t e t r a m e r L c u ( p y ) l ] 4 i s f a i r l y s t a b l e o n l y i n 
non- o r w e a k l y c o o r d i n a t i o n s o l v e n t s s u c h as b e n z e n e , C H ^ C l ^ i 
o r a c e t o n e . A t room t e m p e r a t u r e i n s o l u t i o n t h i s c o p p e r complex 
shows an i n t e n s e r e d p h o t o l u m i n e s c e n c e ($ ~ 0-04^ a£ ^ m a x = 698 nm 
( 5 4 ) . The e m i t t i n g s t a t e i s a m e t a l - c e n t e r e d 3d 4s e x c i t e d 
s t a t e w h i c h i s s t r o n g l y m o d i f i e d by C u ( I ) - C u d ) i n t e r a c t i o n i n t h e 
t e t r a m e r . T h i s c o n s i s t s o f a ( C u l ) cubane c o r e . 
A t a t e r m i n a l v o l t a g e o f 5 V and a f r e q u e n c y o f 1 Hz t h e com-
p l e x C c u ( p y ) l ] . i n C H ^ ^ showed a weak e e l w h i c h was c l e a r l y 
i d e n t i f i e d as t h e r e d e m i s s i o n o r i g i n a t i n g f r o m t h e l o w e s t e x c i t e d 
s t a t e o f t h e c o m p l e x . 
I t seems f e a s i b l e t h a t t h e e e l o c c u r s a c c o r d i n g t o t h e u s u a l 
mechanism. R e d u c t i o n and o x i d a t i o n o f t h e complex i s f o l l o w e d by 
t h e a n n i h i l a t i o n and l u m i n e s c e n c e . However, t h e r e must be an 
e f f i c i e n t c o m p e t i t i o n by o t h e r p r o c e s s e s s i n c e t h e e e l i n t e n s i t y i s 
r a t h e r l o w compared t o t h e p h o t o l u m i n e s c e n c e . As i n d i c a t e d by CV 
measurements t h e r e d u c t i o n a t E - j /2 = ~ 0 - 7 v and -1 .6 V and 
o x i d a t i o n a t +0.8 V v s . SCE a r e l a r g e l y a s s o c i a t e d w i t h i r r e v e r -
s i b l e r e a c t i o n s . Hence, t h e r e d u c e d and o x i d i z e d f o r m s o f t h e 
c o mplex seem t o be n o t s t a b l e . The e e l i n t e n s i t y i s t h e n low 
b e c a u s e o n l y a s m a l l f r a c t i o n o f t h e e l e c t r o g e n e r a t e d r e d o x p a i r 
e s c a p e s an i r r e v e r s i b l e d e c a y and u n d e r g o e s an a n n i h i l a t i o n . I t i s 
a l s o p o s s i b l e t h a t t h e b a c k e l e c t r o n t r a n s f e r i s n o t q u i t e e n e r g y 
s u f f i c i e n t f o r t h e f o r m a t i o n o f e x c i t e d [ C u ( p y ) l ] ^ (E ~ 2 eV) 
s i n c e t h e p o t e n t i a l d i f f e r e n c e between f i r s t r e d u c t i o n and 
o x i d a t i o n i s o n l y 1.5 V. F i n a l l y , t h e l a r g e v o l t a g e o f 5 V 
r e q u i r e d f o r t h e o b s e r v a t i o n o f t h e e e l c o u l d a l s o i n d i c a t e t h a t 
t h e s o l v e n t C ^ C l w h i c h i s r e d u c e d a t E^ . = -2.33 (55) 
p a r t i c i p a t e s i n t h e e l e c t r o l y s i s and g e n e r a t i o n o f e x c i t e d 
[ C u ( p y ) l ] 4 -
P t ( 8 - q u i n o l i n o l a t e ) 2 
The e x c i t e d s t a t e s w h i c h a r e r e s p o n s i b l e f o r t h e e e l o f t h e p r e v i -
ous e x a m p l e s a r e o f t h e CTML t y p e o r i n v o l v e d i n m e t a l - m e t a l 
b o n d i n g o f p o l y n u c l e a r c o m p l e x e s . P h o t o l u m i n e s c e n c e , o r e e l i n o u r 
c a s e , can a l s o o r i g i n a t e f r o m i n t r a l i g a n d ( I L ) e x c i t e d s t a t e s p r o -
v i d e d t h e s e s t a t e s a r e t h e l o w e s t e x c i t e d s t a t e s o f s u c h com-
p l e x e s . I L e m i s s i o n s a r e c h a r a c t e r i s t i c f o r many t r a n s i t i o n m e t a l 
p o r p h y r i n s due t o t h e l o w e n e r g y o f t h e nn* t r a n s i t i o n s o f t h e 
p o r p h y r i n l i g a n d (56). I n 1974 T o k e l - T a k v o r y a n and B a r d o b s e r v e d 
e e l f r o m p o r p h y r i n I L e x c i t e d s t a t e s o f P d ( I I ) and P t ( I I ) t e t r a -
p h e n y l p o r p h y r i n (35^). I n t h e p r e s e n t s t u d y we i n v e s t i g a t e d t h e e e l 
o f Pt(Q0>2 (QO = 8 - q u i n o l i n o l a t e ) w h i c h i s a s s o c i a t e d w i t h an 
I L s t a t e o f t h i s P t ( I I ) c h e l a t e . 
I n 1978 S c a n d o l a and h i s g r o u p o b s e r v e d t h a t s o l u t i o n s o f 
PtCQO)^ e x h i b i t an i n t e n s e p h o t o l u m i n e s c e n c e ~ 0.01) a t A. ^ = 
650 nm u n d e r a m b i e n t c o n d i t i o n s ( 4 4 ) . More d e t a i l s on t h e pRo£o-
p h y s i c s and p h o t o c h e m i s t r y o f t h i s compound were r e p o r t e d l a t e r 
( 5 7 - 5 9 ) . The e m i t t i n g e x c i t e d s t a t e was a s s i g n e d t o t h e l o w e s t -
e n e r g y I L t r i p l e t o f t h e c h e l a t e l i g a n d . 
A t a t e r m i n a l ac v o l t a g e o f 4 V and a f r e q u e n c y o f 30 Hz we 
o b s e r v e d a weak e e l w h i c h was c l e a r l y i d e n t i f i e d as t h e I L e m i s s i o n 
o f P t ( Q O ) 2 . I t i s + a s s u m e d t h a t t h e ac e l e c t r o l y s i s g e n e r a t e s a 
r e d o x p a i r P t ( Q O ) 2 P t ( Q O ) 2 ~ . The s u b s e q u e n t a n n i h i l a t i o n 
l e a d s t o t h e f o r m a t i o n o f e l e c t r o n i c a l l y e x c i t e d P t ( Q O ) 2 - The 
l o w e e l i n t e n s i t y may be a s s o c i a t e d w i t h t h e o b s e r v a t i o n t h a t t h e 
e l e c t r o c h e m i c a l o x i d a t i o n and r e d u c t i o n o f P t ( Q O ) 2 i s l a r g e l y 
i r r e v e r s i b l e . CV measurements r e v e a l e d an o x i d a t i o n a t E = 
+0.9 and a r e d u c t i o n a t -1.7 V v s . SCE. These r e d o x r e a c t i o n s a r e 
p r o b a b l y l i g a n d - b a s e d p r o c e s s e s . The r e d o x p a i r g e n e r a t e d i n t h e 
ac e l e c t r o l y s i s d e c a y s i r r e v e r s i b l y t o a l a r g e e x t e n t . O n l y a 
s m a l l f r a c t i o n u n d e r g o e s t h e a n n i h i l a t i o n . The p o t e n t i a l d i f f e -
r e n c e between P t ( Q O ) 2 and Pt(QO) ~ i s 2.6 V. T h i s i s 
c e r t a i n l y s u f f i c i e n t t o p o p u l a t e t h e e m i t t i n g I L s t a t e w h i c h l i e s 
a r o u n d 2.0 V above t h e g r o u n d s t a t e . 
T e r b i u m and E u r o p i u m Complexes 
The p r e v i o u s e x a m p l e s o f e e l were i n t e r p r e t e d on t h e b a s i s o f a 
r e l a t i v e l y s i m p l e mechanism. I n t h e s e c a s e s t h e b a c k e l e c t r o n 
t r a n s f e r g e n e r a t e s d i r e c t l y t h e e m i t t i n g e x c i t e d s t a t e ( a n n i h i l a -
t i o n ) . However, i n more c o m p l i c a t e d s y s t e m s back e l e c t r o n t r a n s -
f e r and f o r m a t i o n o f an e m i t t i n g s t a t e may be s e p a r a t e p r o c e s s e s 
(17-19). The back e l e c t r o n t r a n s f e r l e a d s t o a n o n - e m i t t i n g e x c i -
t e d s t a t e w h i c h u n d e r g o e s e n e r g y t r a n s f e r t o a l u m i n e s c e n t s t a t e . 
T h i s s t a t e does n o t p a r t i c i p a t e i n t h e r e d o x r e a c t i o n . The e n e r g y 
t r a n s f e r can o c c u r as an i n t r a - o r i n t e r m o l e c u l a r p r o c e s s . An 
i n t e r m o l e c u l a r s e n s i t i z a t i o n o f t h i s t y p e i n v o l v i n g a m e t a l complex 
was s t u d i e d by B a r d and h i s g r o u p (60). An e u r o p i u m c h e l a t e s e r v e d 
as e m i t t i n g e n e r g y a c c e p t o r . I n t h e p r e s e n t work we s t u d i e d e e l 
w h i c h i n v o l v e s i n t r a m o l e c u l a r e n e r g y t r a n s f e r . The back e l e c t r o n 
t r a n s f e r l e a d s t o a n o n - e m i t t i n g e x c i t e d s t a t e a t a c e r t a i n p a r t o f 
a m o l e c u l e . E n e r g y t r a n s f e r p o p u l a t e s an e m i t t i n g e x c i t e d s t a t e a t 
a d i f f e r e n t p a r t . We s e l e c t e d r a r e e a r t h m e t a l c h e l a t e s f o r t h i s 
s t u d y s i n c e t h e y a r e w e l l known t o u n d e r g o i n t r a m o l e c u l a r e n e r g y 
t r a n s f e r f r o m e x c i t e d I L s t a t e s t o e m i t t i n g m e t a l - c e n t e r e d f - l e v e l s 
upon I L l i g h t a b s o r p t i o n (61-64). M o r e o v e r , a t l e a s t T b ( I I I ) i s 
r a t h e r r e d o x i n e r t and does c e r t a i n l y n o t p a r t i c i p a t e i n e l e c t r o n 
t r a n s f e r p r o c e s s e s a t moderate p o t e n t i a l s . 
T b ( t h e n o y l t r i f l u o r o a c e t o n a t e ) (o-phen) 
The complex T b ( T T F A ) ^ ( o - p h e n ) w i t h TTFA = t h e n o y l t r i f l u o r o a c e t o -
n a t e i s a o c t a c o o r d i n a t e r a r e e a r t h c h e l a t e w h i c h c o n t a i n s one 
o-phen and t h r e e TTFA l i g a n d s (45-46). The l a t t e r a r e r e l a t e d t o 
a c e t y l a c e t o n a t e . 
The l o n g e s t w a v e l e n g t h a b s o r p t i o n band o f Tb(TTgA) (o-phen) 
a p p e a r s a t X = 336 nm. T h i s i n t e n s e (e ~ 10 ) and b r o a d band 
i s a s s i g n e d ? o X a n I L t r a n s i t i o n o f TTFA (65). The m e t a l c e n t e r e d 
f - f bands a r e a l l n a r r o w and o f low i n t e n s i t y . L i g h t a b s o r p t i o n by 
t h i s I L band c a u s e d t h e t y p i c a l g r e e n e m i s s i o n o f T b ( I I I ) . The 
main f e a t u r e o f t h i s s g r u c t u ^ e d e m m i s s i o n s p e c t r u m a | + ^ m a x = 543 
nm i s a s s i g n e d t o t h e - F^ t r a n s i t i o n o f t h e Tb 
i o n (63,64). I n a n a l o g y t o many o t h e r r a r e e a r t h c h e l a t e s an 
e n e r g y t r a n s f e r o c c u r s f r o m t h e l i g a n d t o t h e e m i t t i n g D 
s t a t e o f Tb + a t 20500 cm" o r 2.54 eV. The d o n o r s t a t e t o r 
e n e r g y t r a n s f e r i s t h e l o w e s t TTFA t r i p l e t a t 20660 cm" 1 o r 2.56 
eV (63 ,64) . 
At a terminal voltage of 4 V and an ac frequency of 300 Hz 
Tb(TTFA)^(o-phen) showed a weak eel which was definitely 
identified as the emission from the D, state of Tb(III). The 
4 
following scheme may describe the eel mechanism. 
Tb(III)(TTFA) 3(o-phen) - e" - Tb(III)(TTFA) 3(o-phen) + 
anodic 
Tb(III)(TTFA) 3(o-phen) + e" - Tb(III)(TTFA) 3(o-phen)" 
cathodic 
Tb(III)(TTFA) 3(o-phen) + + Tb(III)(TTFA) 3(o-phen)~ 
-* Tb(III)[(TTFA) 3(o-phen)]* + Tb(TTFA)3(o-phen) 
back electron transfer 
Tb(III)[(TTFA) 3(o-phen)]* - Tb(III)*(TTFA) 3(o-phen) 
intramolecular energy transfer 
Tb(III)*(TTFA) 3(o-phen) - Tb(III)(TTFA) 3(o-phen) + hv 
emission 
The complex Tb(TTFA)3(o-phen) underwent a reduction at E. = 
-1.5 V vs. SCE which was pa r t i a l l y reversible. An oxidation was 
not observed below +2 V. A l l redox reactions should be ligand-
based processes. The potential difference of A E > 3.5 V is energy 
sufficient to generate the IL t r i p l e t at 2.56 eV. The low eel 
intensity could be due to a competing irreversible decay of the 
primary redox pair. 
Tb(thenoyltrifluoroacetonate) 
The absorption (X = 335 nm) and emission (A. = 543 nm) 
spectrum of Tb( are very similar to those of 
Tb(TTFA) (o-phen). The IL excitation of Tb(TTFA)^~ is 
certainly also followed by energy transfer to the emitting D 
f-level of Tb(III). 
At a terminal voltage of 4 V and a frequency of 300 Hz the 
anion Tb(TTFA)^ shows a very weak eel. It was identified by a 
broad-band interference f i l t e r to appear around 565 nm. The 
intensity was too low to record the eel spectrum on the emission 
spectrometer. 
The eel mechanism is assumed to be the same as that of 
Tb(TTFA)3(o-phen). However, the very low eel intensity of 
Tb(TTFA)^ requires an explanation. The f i r s t reduction of 
this anion takes place at E . = -1.75 V vs. SCE and is part i a l l y 
r e v e r s i b l e . However, an o x i d a t i o n a t +0.85 V c o u l d be due t o t h e 
f r e e l i g a n d . I n s o l u t i o n r a r e e a r t h c o m p l e x e s a r e n o t v e r y s t a b l e 
w i t h r e g a r d t o l o s s o f l i g a n d s . The f r e e l i g a n d i n t e r f e r e s t h e n 
w i t h t h e r e d o x p r o c e s s e s o f t h e complex i n t h e ac e l e c t r o l y s i s . 
E u ( t h e n o y l t r i f l u o r o a c e t o n a t e ) (o-phen) 
I n a n a l o g y t o T b ( I I I ) s i m i l a r E u ( I I I ) c o m p l e x e s show an i n t e n s e 
m e t a l - c e n t e r e d p h o t o l u m i n e s c e n c e i n v o l v i n g t h e f - l e v e l s (61-65). 
An e e l o f an e u r o p i u m ( I I I ) c h e l a t e was r e p o r t e d b e f o r e (60_). The 
complex was n o t i n v o l v e d i n t h e e l e c t r o l y s i s . E x c i t e d o r g a n i c 
compounds f o r m e d e l e c t r o c h e m i c a l l y u n d e r w e n t an i n t e r m o l e c u l a r 
e n e r g y t r a n s f e r t o t h e e m i t t i n g Eu compound. I n t e r e s t i n g l y , i n t h e 
a b s e n c e o f t h e r e d o x - a c t i v e o r g a n i c compounds an e e l o f t h e 
e u r o p i u m c h e l a t e was n o t o b s e r v e d ^ 2 + 
W h i l e Tb i s r e d o x i n e r t Eu can be r e d u c e d t o Eu a t 
r a t h e r l o w p o t e n t i a l s (~ - 0 .5 V) (66,67). T h i s adds a f u r t h e r 
c o m p l i c a t i o n t o any p o s s i b l e e e l mechanism i n v o l v i n g E u ( I I I ^ + 
c o m p l e x e s . F u r t h e r m o r e , t h e b a c k e l e c t r o n t r a n s f e r f r o m Eu t o 
an o x i d i z i n g l i g a n d r a d i c a ^ + g e n e r a t e d i n t h e e l e c t r o l y s i s i s a 
s p i n - a l l o w e d p r o c e s s i f Eu i s f o r m e d i n i t s g r o u n d s t a t e 3 | 6 8 ) . 
However, t h e f o r m a t i o n o f t h e e m i t t i n g e x c i t e d s t a t e gf Eu i s 
s p i n - f o r b i d d e n . I t f o l l o w s t h a t t h e g e n e r a t i o n o f Eu i n t h e 
g r o u n d s t a t e c o u l d be f a v o r e d even i f t h e e x c i t e d s t a t e f o r m a t i o n 
i s an e n e r g y - s u f f i c i e n t p r o c e s s . B u t i t was p o i n t e d o u t t h a t t h e 
s p i n - s e l e c t i o n r u l e may n o t be i m p o r t a n t due t o t h e h e a v y atom 
e f f e c t o f e u r o p i u m . 
W h i l e t h e a b s o r p t i o n s p e c t r u m o f Eu(TTFA) (o-phen) i s n e a r l y 
i d e n t i c a l t o t h a t o f t h e c o r r e s p o n d i n g Tb c o m p l e x , t h e i n t e n s e r e d 
e m i s s i o n i s c h a r a c t e r i s t i c f o r Eu . The main band o f t h e 
s t r u c t u r e d s p e c t r u m ^ a p p e a l s a t * m a x = 613 nm and i s a s s i g n e d t o 
t h e m e t a l - c e n t e r e d ~* t r a n s i t i o n (63-6^). The 
e m i t t i n g D s t a t e has an e n e r g y o f 17150 cm o r 2.13 eV 
w h i l e t h e l o w e s t I L e x c i t e ^ s t a t e w h i c h i s a t r i p l e t o f t h e TTFA 
l i g a n d o c c u r s a t 20450 cm o r 2.54 eV. The i n i t i a l l y e x c i t e d 
l i g a n d u n d e r g o e s an e f f i c i e n t i n t r a m o l e c u l a r e n e r g y t r a n s f e r t o t h e 
e m i t t i n g D s t a t e o f Eu 
A t a t e r m i n a l ac v o l t a g e o f 4 V and a f r e q u e n c y o f 30 Hz 
Eu ( T T F A ) ^ ( o - p h e n ) shows^a weak e e l w h i c h was i d e n t i f i e d as t h e 
t y p i c a l e m i s s i o n o f Eu a t X =613 nm. W i t h o u t e x t e n s i v e 
s p e c u l a t i o n i t i s d i f f i c u l t t o p r o p o s e an e e l mechanism due t o t h e 
c o m p l i c a t i o n s d i s c u s s e d a bove. 
Eu(TTFA) (o-phen) was n o t o x i d i z e d b e l o w +2 V ^ v s . S C E 2 a s 
i n d i c a t e d by CV measurements. The r e d u c t i o n o f Eu t o Eu i s 
e x p e c t e d t o o c c u r a r o u n d - 0 . 5 V. A c l e a r r e d u c t i o n wave was n o t 
o b s e r v e d i n t h i s r e g i o n . A n o t h e r r e l a t e d E u ( I I I ) c h e l a t e (60) was 
a l s o n o t r e d u c e d n e a r t h i s p o t e n t i a l w h i l e some E u ( I I I ) c r y p t a t e s 
(66,67) u n d e r g o a r e v e r s i b l e r e d u c t i o n i n t h i s r a n g e . The complex 
Eu(TTFA)«(o-phen) showed two i r r e v e r s i b l e r e d u c t i o n s a t -1 .3 and 
-1 .63 V. These a r e c e r t a i n l y l i g a n d - b a s e d p r o c e s s e s . The i r r e v e r -
s i b i l i t y may be due t o a d i r e c t d e c o m p o s i t i o n o f t h e r e d u c e d com-
p l e x . As an a l t e r n a t i v e t h e r e d u c e d l i g a n d c o u l d r a p i d l y t r a n s f e r 
an e l e c t r o n t o E u ^ + . The E u ( I I ) c o m p l e x may un d e r g o a f a c i l e 
l i g a n d d i s p l a c e m e n t . A l l t h e s e c o m p l i c a t i o n s a t v a r i o u s s t a g e s o f 
t h e ac e l e c t r o l y s i s c a n c o n t r i b u t e t o t h e l o w e e l i n t e n s i t y o f 
E u ( T T F A ) 3 ( o - p h e n ) . 
C o n c l u s i o n 
F o r t r a n s i t i o g + m e t a l c o m p l e x e s an i n t e n s e e e l as i t was o b s e r v e d 
f o r R u ( b i p y ) . seems t o be r a t h e r an e x c e p t i o n . I t i s 
c e r t a i n l y d i f f i c u l t t o draw d e f i n i t e m e c h a n i s t i c c o n c l u s i o n s b a s e d 
on s m a l l e e l e f f i c i e n c i e s b e c a u s e e e l may o r i g i n a t e f r o m s i d e 
r e a c t i o n s i n t h e s e c a s e s . However, o u r r e s u l t s do show t h a t 
e l e c t r o n t r a n s f e r r e a c t i o n s w i t h l a r g e d r i v i n g f o r c e s c a n g e n e r a t e 
e l e c t r o n i c a l l y e x c i t e d t r a n s i t i o n m e t a l c o m p l e x e s as a r a t h e r 
g e n e r a l phenomenon. 
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